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INTRODUCTION 
Farmers have extensively used aldrin (a chlorinated hydrocarbon 
insecticide) for control of a wide variety of agricultural pests. 
After application, aldrin is rapidly converted to dieldrin in the 
environment. Unfortunately many nontarget organisms including fish 
are highly sensitive to dieldrin. Minute traces are lethal to fish 
(O'Brien, 1967) and nonlethal levels affect physiology, reproduction, 
and development of fish and other aquatic organisms. 
In Iowa, farmers have used high anounts of aldrin to control corn 
rootworm and other corn insects for a number of years. Between I96I 
and 1965 aldrin was applied to Iowa soils at annual rates of 5.0 to 
6.5 million pounds; during I968 through 1973» an estimated 2.0 million 
pounds of aldrin per year were used on Iowa soils (Personal Communica­
tion, Harold J. Stockdale, Extension Entomologist, Department of 
Zoology, Iowa State University, Ames, Iowa, 1973). 
Evidently this pesticide, in the form of dieldrin, is finding its 
way into surface waters of the state. Chemists of the Iowa State 
Hygenic Laboratory found levels of dieldrin up to I6OO ppb (ug/kg) in 
the edible portion of channel catfish (Ictalurus punctatus) (Morris 
and Johnson, 1970), exceeding by more than 5 times the permissible 
concentration of dieldrin in food allowed by the Food and Drug Adminis-
stration. Catfish tested from many rivers exceeded the permissible 
level of 300 ppb. Larger catfish consistently contained higher concen­
trations of dieldrin than did small catfish from Iowa streams. 
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Our field studies, initiated in 1971? showed no significant 
difference in dieldrin levels in channel catfish up to 6 years of age. 
Fish above 6 years of age and 400 mm. contained levels of dieldrin con­
sistently higher than younger and smaller catfish. Dieldrin levels 
showed high correlation with fat levels. 
Objectives of my study were to determine 1) the rate of dieldrin 
uptake by large and small catfish through water exposure and contami­
nated food, 2) retention time in large and small catfish of dieldrin 
taken up by different pathways, and 3) if uptake and elimination of 
dieldrin in catfish muscle tissue reached a balance after long-term 
exposure to different concentrations. 
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LITERATURE REVIEW 
Wurster (1971) described dieldrin as one of the most stable of 
all insecticides, and dieldrin residues remain active in the environ­
ment for many years. Hendrick, et £]_. (1966) found that aldrin con­
verted primarily to dieldrin during a one-year experiment. Dieldrin 
remaining from a 1957 application of 5 pounds toxicant per acre showed 
little decrease during the year of experimentation. Crops grown in a 
field treated with aldrin ten years earlier were found to be contami­
nated with dieldrin; dieldrin persisted in cranberry bogs for eight 
years; and one-third of the dieldrin applied for Japanese beetle control 
in Illinois was still present five years later. Litchenstein and 
Schulz (1965) found that aldrin, applied to crops grown in heavy soils 
and muck, converted more slowly to dieldrin than did aldrin applied to 
crops in sandy soils. Bailey and Hannum (1967) found that pesticide 
concentrations were higher in sediment particles of small size; lowest 
levels were found in fine to coarse sand. Huang (1971a,b; Huang and 
Liao, 1970) illustrated the high affinity that different clay particles 
have for dieldrin. These smaller particles were readily washed into 
waterways by surface runoff. 
Due to low water solubility of pesticides, many pesticides are 
often quickly sorbed on suspended or sedimented materials. If appli­
cations in a watershed cease entirely, residues in the stream gradually 
and continuously decline (Sprague, £t 1971), and a similar decline 
would be expected in the receiving bodies of water. Studies by Caro 
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and Taylor (1971) demonstrated how much dieldrin is transported from a 
field for approximately 50 days after application when surface soil 
is washed off land by rainwater. Morris and Ebert (1972) stated that 
aldrin applied to row crops in Iowa is appearing as high levels of 
dieldrin in edible tissue of catfish, but not in significant amounts in 
tissues of pan fish or predator fish. A correlation between high tur­
bidity from soil erosion and dorsal muscle tissue dieldrin concentra­
tion was found, indicating the necessity for improved soil conservation 
practices to keep the pesticide out of the streams. Harris (1972) found 
that in moist soil, dieldrin toxicity decreased linearly with increasing 
organic content. In dry soils toxicity was decreased with increasing 
clay content. A study by Schechter and Carter (1965) indicated that 
insecticidal loss varied directly with quantity of water volatilized. 
According to their study the insecticides tested did in fact "codi-
still" with the water based on the test conditions. The data further 
indicated that an increase in organic content decreased the codistilla-
tion effect. 
As long as chemicals are allowed to leach into waters, fish are 
continuously exposed to contamination of their environment. In addi­
tion to fish facing pollution problems, fish-food organisms become 
contaminated with pesticides. Chacko and Lockwood (1967) tested three 
fungi, three streptomycetes, and three bacteria for their ability to 
accumulate DDT and dieldrin from distilled water containing the pesti­
cides. Their results indicate that the ability to accumulate DDT and 
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dieldrîn from culture solutions may be widespread among microorganisms. 
Wallace and Brady (1970 studied dieldrin levels in aquatic inverte­
brates and found that most of the animals with higher dieldrin concen­
trations were near the bottom of the food chain and were either 
detritus or omnivorous filter feeders. 
Aldrin residues found in whole crayfish samples were several 
times greater than that found in the soil (Hendrick, et. ; 1966). 
Separate analyses on tails and viscera showed a selective accumulation 
of both aldrin and dieldrin in the viscera. In a study by Reinert (1972), 
algae, daphnia, and guppies were exposed to different concentrations of 
dieldrin in water or food. After various periods of exposure, dieldrin 
levels were determined for each of the three trophic levels represented. 
Dieldrin concentrations from water increased from algae to daphnia 
to guppies, giving the appearance of accumulation through a simple food 
chain. Chadwick and Brocksen (1969) investigated the rates of accumu­
lation of dieldrin from water and food by selected fish and fish food. 
They concluded that most dieldrin found in the fish tissues came from 
water. It appears that in an aquatic environment in which dieldrin is 
present, the dieldrin in solution in th; water is most immediately and 
most directly available for accumulation by an aquatic animal (Chadwick 
and Brocksen, 1969). Aldrin and dieldrin become biologically incor­
porated in essentially all animals, and at least some plants. 
Johnson £t £]_. (1971) suggested that aquatic invertebrates influ-
c i l uc  UULH CMC yuoUL  # L y  c i i i u  ywo  i t c y  u i  i i i s cwc iu i uc  » c a  # uuc  v  i  a  
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the food chain. They also indicated evidence of marked chemical decom­
position of these pesticides within specific trophic levels. 
-14 Cox (1971) exposed euphausiid shrimp of two sizes to C DDT. 
Direct uptake of DDT from water was rapid and partially reversible by 
returning animals to flowing seawater. Uptake equilibrium was reached 
within 12 hours for the smaller shrimp while a longer period was re­
quired for the larger animals to reach equilibrium. Since dieldrin 
is similar in many of its biological actions to DDT, one might suspect 
dieldrin levels to also reach equilibrium in aquatic animals. 
Murphy (1971) found that gupples accumulated dieldrin in their 
tissues more efficiently from water exposure than they did from food 
exposure. Macek and Korn (1970) suggested that the food chain may be 
the major source of DDT residues in fish. Chadwick and Brocksen (1969) 
contended that fish can accumulate dieldrin both from their diet and 
from the surrounding water, but accumulation of dieldrin from water 
does not appear to be additive with the dieldrin accumulated from food, 
Kleinert, et 1968) stated that fish may pick up chlorinated hydro­
carbon pesticides In two ways: by eating contaminated food or by direct 
absorption from water via the gills. Dieldrin can be transferred from 
environmental water into the vascular system of rainbow trout through 
the gills (Frcwnm and Hunter, 1969). About six times as much endrin is 
taken up via the exposed head region as Is taken up by the general body 
surface (Ferguson, et aj[., 1966). 
Dieldrin accumulation In fish depends on its concentration in 
water (Chadwick and Brocksen, 1969). Sculplns held In water containing 
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0.5 ppb dîeidrin and fed food containing dieldrin did not accumulate 
more dieldrin tlian fish held in the same concentration and fed uncon-
taminated food. Experimental laboratory studies show that aquatic 
animals rapidly accumulate insecticides directly from the water, prob­
ably through the skin or gills (Ferguson, £t 1966). 
Knowledge involving the movement of insecticides into and out of 
living organisms and in the uptake and elimination of pesticides by 
the organisms would contribute to our understanding of the transfer 
of the insecticides in the system. Woodwell, ^ £l_. (1967) found that 
insecticide concentrations increased as the insecticides passed along 
the food chain. Reinert (1969) contended that the whole body residue 
concentration in fish increases as the body fat content increases. 
Grzenda et (1970, 1972) reportedly found no correlation between 
the percent lipid content of different tissues and the relative dieldrin 
concentrations in those tissues. Pesticides are biologically magnified 
in an inverse ratio to their water solubility, and concentration factors 
correspond to the partition coefficients of the compounds, once the fat 
content of the fish and the time available for equilibrium are taken 
into account (Hamelink, et aj^,, 1971). Hoi den (1962) found that DDT 
concentrations in lipid extracts from the various organs generally 
showed more uniformity than did DDT concentrations in terms of unit 
weight of tissue from which the lipids were taken. He suggested that 
the amount of lipids in tissue may determine the toxicity of DDT to 
fish. Hence, fish in poor condition or with "low fat content would be 
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more susceptible to DDT toxicosis. Perhaps a similar relationship 
exists with dieldrin. 
Gakstatter (1968) investigated the rates at which dieldrin resi­
dues accumulated in the tissues of goldfish which had been exposed to 
aldrin for 8 hrs. He found the total aldrin and dieldrin levels 
immediately after exposure ranged from 1.70 ppro in the muscle to 8.95 
ppm in the lateral line nerve. Re inert (1972) reported that guppies 
accumulated only about one-tenth as much dieldrin after 32 days of 
eating contaminated food as did fish exposed for the same length of 
time to water containing dieldrin. 
Murphy (1971) sought to determine if size played any role in rate 
and amount of DDT uptake. Larger fish of some species would presumably 
have higher levels since they feed on organisms higher in the food 
web. But Murphy found that small mosquito fish accumulated DDT faster 
r 
from water solutions than did large mosquito fish. According to Macek 
and Korn (1970) DDT uptake from water by 6 in. brook trout was suffi­
ciently slow to presumably be of minor importance in accounting for 
the residues of DDT in Great Lakes salmonids. 
Macek, et (1970) using C dieldrin found that residue accumu­
lation reached a state of equilibrium In rainbow trout in 140 days. 
Saturation levels in seul pins were not reached In 32 days (Chadwick and 
Brocksen, 1969). Goldfish and blue gills eliminated 90% of C dieldrin 
taken up in a single exposure within l4 days (Gakstatter and Weiss, 1967). 
The predicted time required to eliminate 50.0% of the lolai bouy DDT anu 
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dieldrin in rainbow trout was l60 (S.E. + 18) days (Macek, 1970). 
Grzenda, et (1970) noted that the average half-life of DDT in various 
fish tissues analyzed was 29 days. 
In regards to toxicity of dieldrin, Tarzwell and Henderson (1956) 
found that 96-hour TLm values ranged from 5.6 to 42 ppb, depending on 
the formulation of the pesticide and the kind of fish. Hard water in­
creased the toxicity of dieldrin to fish. 
Studies indicate that dieldrin affects fish in various ways. A 
few parts per billion of dieldrin in water stimulated reproduction and 
resulted in more fish among exposed guppies than among guppies held in 
untreated water (Cairnes, et al^., 1967). However, this long-term expo­
sure to dieldrin evidently caused some physiological malfunction in the 
reproductive process because high mortality occurred among adult females 
as they were giving birth. Chronic exposure of sunfish to 1.68 ppb of 
dieldrin increased their oxygen consumption and reduced their swimming 
speed; exposure to 0.39 ppb depressed growth rates of young trout 
(Chadwick and Shumway, 1969). Other fish (spot) exposed to dieldrin 
in the part per trillion (ppt) range developed distorted vertebral 
columns (Butler and Springer, 1963). Low levels of DDT in their tissues 
increased the susceptibility of fish to stress, and although dieldrin 
has not been evaluated in this respect, a similar effect might be antici­
pated. 
Mehrle, ^ (1971) took a biochemical approach in evaluating 
dieldrin toxicosis in rainbow trout by examining serum and brain 
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concentrations of amino acids, glucose and ammonium; liver and brain 
enzyme activities associated with amino acid metabolism; and liver 
ultrastructure. These workers found that one of the two ammonium-
detoxifying systems in the brain was almost completely inhibited after 
DDT exposure of 1 ppm per week. Hogan and Roelofs (1971) found that 
green sunfish exposed to 6 ppb dieldrin for periods ranging from 
124 to 137 hours contained an average of 6.0 ppm dieldrin in the 
blood and 9.0 ppm in the brain. Concentrations in similar tissues of 
surviving fish were markedly lower than in fish that died. Dieldrin 
levels in the brain and blood of fish taken from Nebraska waters varied 
from 0.1 to 6.7 ppm and 0.01 to 0.07 ppm respectively (Stucky, 1971). 
Lane and Livingston (1970) reported that the sail-fin molly (Poeci1ia 
latipinna)accumu1ated more than 6.0 ppm of dieldrin in the gills, blood, 
and brain following 144 hours of exposure to 0.75 ppb dieldrin in water. 
Dieldrin concentrations in the gut, liver and muscle after 144 hours 
ranged from 2.0 ppm to over 8 ppm. 
Lethal doses of dieldrin caused extremely high brain ammonium 
concentrations in rainbow trout. Dieldrin toxicosis in rats was 
associated with high brain concentrations of ammonium, disequi1ibria, 
convulsions and coma (Hathway, 1965). Also affected were rat liver 
phenylalanine dehydroxylase activity. Enzyme activity was inhibited 
even at the lowest dose, 14 mg dieldrin per kilogram body weight per 
day for 300 days. 
Sunfish exposed to a sublethal concentration of 1.68 ppb of 
dieldrin in water had an oxygen consumption and cruising speed 
11 
significantly different from controls (Cairnes and Scheier, 1964). 
Exposure to dieldrin in water at 6.7 ppb for 96 hours produced death 
in 50% of the sunfish. Irreversible effects and death resulted even 
though the sunfish were subsequently placed in uncontaminated water. 
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METHODS AND MATERIALS 
Channel catfish used in this study were obtained from two sources, 
but only fish from a single source were used in a given experiment. 
Catfish of various sizes were collected from the Des Moines River below 
Frazer, Iowa by means of baited hoop nets and electrofishing gear. 
Other fish were obtained from commercial fish culturists. Fish were 
maintained in 100-gal, tanks and fed a diet of commercially pelleted 
food obtained from Astra Pharmaceutical Products, Inc., Worcester, 
Mass. The contents and analyses of the diet are listed in Appendix A. 
Water from the Iowa State University well was dechlorinated before 
entering the tanks. Analysis of the test water is shown in Appendix B. 
Chemicals used for extractions contained less than 10 parts per 
trillion (ppt) total pesticides and were therefore suitable for pesti­
cide determinations. All apparatus was washed and pre-rinsed with 
petroleum ether or hexane before use. The technical dieldrin used was 
obtained from Shell Chemical Company and contained not less than 87% 
of 110, 10 hexach1oro-6,7-epoxy-1,4,4a,5,6,7^8,8a-octahydro-l, 
4-endo, exo-5,8-dimethanonaphthalene (HEOD) and not more than 13% of 
insecticidally active related compounds (Shell Chemical Corporation, 
1959). 
Dieldrin was dissolved in acetone before mixing with water or food, 
Triton X-100, an organic solvent, was used in some experiments to reduce 
loss of dieldrin from solution (Seba, 1970). The acetone and Triton 
X-100 levels (25 ppm and 1 ppm, respectively) were kept well below the 
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lethal concentrations. The desired dieldrin concentrations were obtained 
by using either a single or a serial diluter to meter the appropriate 
level of dieldrin into the mixing chamber. The diluter systems were 
constructed of glass held together by silicon rubber. The dilution 
apparatus mixed the appropriate proportions of water with the dieldrin 
solution to provide the desired dieldrin concentration in the tanlt. 
Dilution ratios for the water dieldrin solutions were based on gas 
chromatographic analyses. 
Water samples were analyzed according to methods described by the 
Environmental Protection Agency (1970). Water samples of one liter 
were extracted by mixing with 120 ml of 15% diethyl ether in hexane 
in a 3-1 iter separatory funnel. The mixture was shaken vigorously for 
one minute and allowed to separate into layers. The aqueous layer was 
extracted a second time using 100 ml of hexane. The two hexane layers 
were combined and filtered through a 2-inch column of anhydrous sodium 
sulfate. The filtrate was evaporated to 1 ml before a sample was in­
jected into the gas chromatograph. 
Catfish dorsal muscle samples were analyzed according to the guide­
lines of the U.S. Department of Health, Education and Welfare (1970). 
For analysis, 10-40 grams of dorsal muscle tissue were ground with 350 
milliliters of 35% distilled water-acetoni tri le solution in a Waring 
blender for 10 minutes. The samples were filtered through fluted 
number 40 Whatman filter paper. The filtrate (260 ml) was transferred 
to a 1-1 iter separatory funnel to which was added 100 ml of petroleum 
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ether and shaken vigorously for two minutes. Distilled water (600 ml) 
and a saturated saline solution (10 ml) were added to the samples and 
mixed thoroughly by vigorous tumbling action for 15 seconds. The 
layers were allowed to separate, and the aqueous layer was discarded. 
The solvent layers were gently washed with two 100 ml portions of water. 
The washings were discarded and the solvent layers were each filtered 
through a 2-inch column of anhydrous sodium sulfate into a 100-ml 
graduate cylinder. The volume of each was then recorded. 
The samples were filtered through a 4 1/2-inch column of Florisil 
which was topped by a 1-inch column of anhydrous sodium sulfate. 
Dieldrin was eluted from the column with 200 ml of 15% diethyl ether 
in petroleum ether following 200 ml of a 6% mixture of diethyl ether 
and petroleum ether. The two mixtures were collected in separate 
flasks and evaporated to 10 ml. The samples were then ready for in­
jection into the chromatograph, 
A Beckman GC-5 gas chromatograph was used to identify and quantify 
the dieldrin levels. An electron capture detector was used with a 
helium flow rate of 80 mm per minute, a temperature of 180°C and an 
attenuation of 2 x 10^^ on the 5% OV-210 column, A 4% SE-3/6/QF-1 
column was used as a qualitative check with a gas flow rate of 120 mm 
per minute, a temperature of 200°C and an attenuation of 2 x 10^\ 
Periodically throughout the study known levels of aldrin were added to 
samples of fish muscle and water before starting chemical extraction. 
The portion of aldrin recovered in the extraction process ranged from 83 
15 
to 90% with an average of 85%. Dieldrin extraction efficiency was 
assumed to be similar, even though the aldrin added was not incorporated 
within the muscle cells as was dieldrin. 
Dieldrin extraction levels were determined by topically exposing 
channel catfish to 10 ppb C -dieldrin for six hours. Stock meshes of 
catfish muscle containing dieldrin levels of 519 + 31 and 53.6 + 2.8 ppb 
were prepared. Stock mesh dieldrin levels were determined by direct 
counting of tissue samples as outlined by Gakstatter and Weiss (1967). 
Three replicates of muscle tissue containing dieldrin levels of 
5,190 ng, 1,072 ng, 107.2 ng, and 53.6 ng were prepared by varying 
sample sizes from the two stock meshes in order to cover the range of 
amounts in sample sizes of 10 to 4l gms. of tissue and concentrations 
encountered in this study. Extraction of dieldrin from the catfish 
tissue was performed in the same manner as was employed in other experi­
ments in this study. Aliquots of these sample extracts were placed in 
scintillation vials containing 15 ml of BBOT scintillation cocktail 
for counting on a Packard Tri-Carb Scintillation Counter. Quenching 
was corrected for by internal standardization. 
Dieldrin recovery from catfish muscle ranged from 59.4% to 117.0% 
with an overall mean of 84.2% recovery (Appendix C). An increase in 
percentage recovery was noted with utilization of larger grami sample 
sizes containing higher dieldrin concentrations. Data presented in 
this study were not corrected for percentage recovery. 
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RESULTS 
Experiment 1. Short-term Water Exposure 
Channel catfish varying in size from 4 to 14 in. were exposed to 
dieldrin in solution at an initial concentration of 18.8 ppb for a 
period of 6 hours. The fish were maintained in 100-gal. tanks at a 
water temperature of 22 + 1°C, and were not fed for 2 days before ex­
posure. Fish were acclimated to the test tank for a week before 
commencing the experiment. The dieldrin solution was prepared by dis­
solving dieldrin in acetone. A single diluter metered the dieldrin 
solution of 18,8 ppb into the flow-through system at the rate of 3 
liters per minute. Water samples were taken hourly to determine actual 
levels of dieldrin during the six-hour exposure period. 
Samples of 3 size groups (4-6 in., 7-10 in. and 12-14 in.) were 
taken immediately after the exposure period. Remaining fish were 
placed in clear water with a flow-through system and samples of each 
size group were taken after periods of 2, 24, 48, and 336 hours. Three 
composite samples of three fish each were taken for each size group 
for each sample period. The fish were fed daily at the rate of 3% 
total body weight during the experiment. 
Samples taken immediately after exposure revealed dieldrin levels 
varying from 1,089 to 1,459 ppb In dorsal muscle. Mean dieldrin levels 
before exposure, though not significantly different between size groups, 
revealed some interesting results (Table 1. Appendix D). The 7-10 in. 
catfish contained the lowest average amount of dieldrin (38 ppb) of 
Table 1. Elimination of dieldrin from dorsal muscle of channel catfish of three length groups 
after 6-hr, exposure to 18.8 ppb. Concentration in ppb (standard deviation in 
parentheses)® 
Pre-exposure 
level 
Time (hours) after exposu re 
0 4 24 48 336 
4-6 in. 45(3) 1177(64) 891(81) 622(46) 358(25) 105(8) 
7-10 in. 37(12) 1394(76) 884(19) 681(48) 442(39) 114(6) 
12-14 in. 50(5) 1120(47) 899(17) 563(19) 471(24) 324(38) 
''a1 1 values based on samples of 3 fish each. 
18 
dieldrin during exposure. Tfie 12-14 in. catfish, with the highest 
mean background level (50 ppb) of dieldrin, after exposure contained 
the lowest mean dieldrin concentration (1,120 ppb) in the dorsal 
muscle tissue. The 4-6 in, fish contained a mean level of 45 ppb be­
fore exposure and a mean level of 1,177 ppb of dieldrin after 6 hours 
of exposure. Levels of dieldrin in the 7-10 in. fish, at the end of 
the exposure period, were significantly higher (P = .05 and .01 
respectively) than levels found in the 4-6 in. and 12-14 in. fish. 
The remaining catfish were placed in clean water and allowed to 
eliminate dieldrin for a two-week period (336 hrs.) (Figure 1). At 
the end of two weeks, the mean concentrations of dieldrin in the muscle 
tissue of 4-6 in. and 7-10 in, fish were 105 ppb and 114 ppb and were 
not significantly different. The dieldrin level for 12-14 in. fish 
dropped from an average of 1,120 ppb to 324 ppb in the two-week elimi­
nation period. Levels remaining at the end of the two weeks were 
significantly different (P = .01) between the 4-6 in. and 12-14 in. cat­
fish and also between the 7-10 and 12-14 in. fish (Table 1). 
Experiment 2. Uptake from Water and Food Exposure 
A dieldrin solution of 75 ppt was prepared for this experiment. 
The diet was prepared by thoroughly blending the commercial pellets 
with dieldrin dissolved in acetone and corn oil. Final dieldrin con­
centration in the food was 3 ppm. The mixture was frozen and fed to 
the fish once daily at a rate of 3% bodv weight. Food not treated with 
dieldrin was mixed with corn oil and acetone. 
Figure 1. Elimination of dîeidrin from dorsal muscle of channel catfish of 
three length groups after 6 hr. water exposure to 18.8 ppb 
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Three 100-gal. tanks were used to expose catfish 6-9 in. in total 
length. A similar tank contained control fish. Fish in one tank were 
exposed to dieldrin in the water at a concentration of 75 ppt; fish in 
another tank were exposed to dieldrin in food at 3 ppm; and fish in the 
third tank were exposed to dieldrin in both food and water at 3 ppm 
and 75 ppt respectively. These concentrations of dieldrin were considered 
to be the maximum level to which catfish might be exposed in the natural 
environment. Water flow through each tank replaced the volume every 12 
hours. Fish were acclimated for one week in the test tanks and were 
not fed for 48 hrs. before the experiment began. Fish were fed daily 
at the rate of 3% body weight per day during the experiment. 
Samples of experimental and control fish were taken at 0, I, 2 ,  1 ,  
14, and 28 days to measure dieldrin uptake. After 28 days of exposure, 
dieldrin was removed from the diet and water, and samples were taken 
at 42 and 56 days to check elimination rate. Three samples containing 
three fish each were selected from each tank on each sample date. Fish 
samples were wrapped individually in aluminum foil and frozen until 
analysis could be made. 
Average level of dieldrin found in muscle tissue before exposure 
(n = 3) was 20 ppb. Individual sample values are contained in Appendix 
E, Extensive leaching of dieldrin from food was detected during the 
experiment in two tanks where the chemical was added to the food. 
Dieldrin levels in the water of these tanks were 317 ppt where fish 
were exposed by food and 333 ppt where fish were exposed in water and 
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in food. Fish in both tanks began dying after 3 days and those fish 
exposed to dieldrin in food and water all died after 7 days of expo­
sure (Table 2). 
Fish exposed to 75 ppt of dieldrin in water had 0.221 ppm of 
dieldrin in their dorsal muscle at the end of 28 days of exposure 
(Figure 2)« Following an elimination period of 28 days, this level 
had decreased to 0.074 ppm. Catfish exposed in food contained 112.9 
ppm of dieldrin in muscle tissue after 28 days. After an elimination 
period of another 28 days, this level was down to 20.6 ppm. Catfish 
exposed both in food and water contained 120 ppm of dieldrin at the 
end of 7 days of exposure, when death occurred. 
Experiment 3. Uptake from Water and Food 
Exposure by Fish of Different Sizes 
A third experiment was designed to determine if dieldrin uptake 
would vary in catfish of different sizes exposed to dieldrin in food 
and water. Catfish of two length groups (6-9 in. and 14-16 in.) were 
exposed to 2 ppm of dieldrin in food and 75 ppt in water for 28 days. 
In this experiment Triton X-100 was added to Insure that dieldrin re­
mained in solution (Seba, 1970). The diet was prepared in a similar 
manner to Experiment 2 except the final dieldrin concentration was 2 
ppm and the pellets were finely ground before blending occurred. Fish 
were fed at the rate of 3% body weight daily. A lower dieldrin level 
• M f <4 3 M W a 4" o f f  ^J •—«»>»«. ^  » 4- Î ^  —« •,•»>* — ^ ^  f f ^  ^ 
» •»  w  i t iw  11  www «9<9 i i a t  y  u i  cw i  
Table 2. Mean accumulation and elimination of dieldrin in dorsal muscle of 6-9 in. channel 
catfish after water (75 ppt) and food (3 ppm) exposure. Concentration in ppb 
(standard deviation in parentheses) 
Time (days) from beginning of exposure 
1 2 7 14 28 42 56 
Control 29(8)3 20(1) 16(5) 14(4) 21(5) 11(1) 12(1) 
Water 25(1) 53(16) 58(8) 99(6) 221 (8) 81(9) 74(2) 
Food 467(138) 1,600 9,460 71,000^ 112,900^ 38,700^ 20,600^ 
(82) (874) 
Food dnd 666 2,076 120,000 " — — — — — —— 
water ( I6l)  (130) (676) 
®A11 values based on 3 samples of 3 fish each, 
''one sample of 3 fish. 
Figure 2. Uptake and elimination of dieldrin by channel catfish 
(6-9 in.) after 28-day exposure in water (75 ppt) and 
food (3 ppm) 
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experiencing leaching of dieldrin from the food in the previous experi­
ment. No dieldrin was detected in water of the tank where fish were fed 
food containing 2 ppm dieldrin. 
Three 100-gal. tanks were used to expose fish of two size groups 
(6-9 in. and 14-16 in.). A similar tank contained the control fish. 
Fish in one tank were exposed to dieldrin in water at 75 ppt; fish in 
a second tank were exposed to 2 ppm of dieldrin in their diet; and 
fish in a third tank were exposed to dieldrin in both food and water 
at concentrations of 2 ppm and 75 ppt respectively. Water flow through 
each tank replaced the volume every 12 hours. 
Background samples were again analyzed to determine the dieldrin 
concentrations in fish muscle before exposure. Fish were not fed for 
24 hours before the experiment and were fed 3% body weight during the 
experiment. Samples were taken for periods of "J, 21, and 28 days. 
Each sample of small fish was composed of two fish. A single fish made 
up each sample of the larger fish. 
Average initial dieldrin levels in muscle tissue before exposure 
were 14 and 39 ppb for small and large catfish (Table 3, Appendix F). 
After 28 days of exposure, the small (6-9 in.) catfish contained 544 
ppb of dieldrin resulting from food exposure, whereas catfish in the same 
size group exposed in water contained 175 ppb of dieldrin. The difference 
was significant at the .01 level of probability. Other catfish in this 
size group exposed both in food and water contained 898 ppb of dieldrin 
which was a significantly higher concentration (P = .01) than was attained 
Table 3. Mean accumulation of dieldrin in dorsal muscle of channel catfish of two different 
length groups exposed to 75 ppt in water and 2 ppm in food. Mean concentration in 
ppb (standard deviation in parentheses)® 
Time (days) from beginning of exposure 
7 21 28 
Control 
13-9 in. 
14-16 in. 
Water 
<5-9 in. 
14-16 in. 
Food 
(>-9 in. 
14-16 in. 
Food lînd water 
(i-9 in. 
14-16 in. 
10(2) 
24(4) 
45(17) 
74(18) 
179(11) 
246(10) 
303(26) 
280(5) 
12(4) 
18(4) 
81 (10)  
179(24) 
504(28) 
796(37) 
606(38) 
1199(35) 
10(2 )  
13(3) 
175(34) 
274(12) 
544(28) 
1243(103) 
898(93) 
2418(374) 
'\l1 samples based on 3 samples of 3 fish each. 
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by those fish exposed either in food or in water alone. Comparison 
of dieldrin levels found in the smaller fish after exposure via food 
and water are illustrated in Figure 3. 
The larger catfish (14-16 in.) exhibited a pattern of dieldrin 
uptake similar to the smaller catfish (Figure 4). After 28 days of 
exposure, the large catfish contained 274 ppb of dieldrin from water 
exposure, 1,243 ppb from food exposure and 2,4l8 ppb from both food 
and water exposures. These differences among the 14-16 in. catfish 
were also significant at the .01 level of probability. 
A comparison was made of dieldrin uptake from water by the large 
and small catfish which were exposed to 75 ppt of dieldrin (Figure 5). 
A significant difference (P = .01) was evident between the two groups 
in the total amount of dieldrin accumulated by the end of the exposure 
period. The dorsal muscle of the 14-16 in. catfish had a mean concen­
tration of 274 ppb of dieldrin compared to 175 ppb in muscle of the 
smaller fish. 
Catfish 14-16 in. in length which were exposed in food to 2 ppm 
of dieldrin for 28 days accumulated significantly (P = .01) more 
dieldrin than did the 6-9 in. catfish exposed to the same concentration. 
At the end of the 28-day period, mean dieldrin concentration in the 
larger fish was 1,243 ppb which was more than double the 544 ppb found 
in the smaller fish (Figure 6). 
Examination of dieldrin uptake by catfish exposed in food and 
water tor 28 days revealed that the larger fish again accumulated a 
significantly higher concentration of dieldrin (P = .01) than did the 
Figure 3. Uptake of dieldrin from 28-day food (2 ppm) and 
water (75 ppt) exposure by dorsal muscle of channel 
catfish (6-9 in.) 
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Figure 4. Uptake of dieldrin from 28-day food (2 ppm) and 
water (75 ppt) exposure by dorsal muscle of channel 
catfish (14-16 in.) 
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Figure 5. Uptake of dieldrin from 28-day water (75 ppt) exposure by dorsal muscle 
of channel catfish of two length groups 
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Figure 6. Uptake of dieidrîn from 28-day food (2 ppm) exposure by dorsal muscle 
of channel catfish of two length groups 
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smaller fish (Figure 7). The large catfish contained 2,4l8 ppb where­
as the small fish contained 898 ppb. 
Hence, in this experiment the larger 14-16 in. catfish accumu­
lated dieldrin both from food and water at a faster rate than did the 
smaller 6-9 in. fish. 
Experiment 4. Elimination Following 
Food and Water Exposure 
Catfish obtained from a commercial hatchery were exposed to 
dieldrin for 28 days in the same manner and concentrations as in 
Experiment 3. The initial samples were taken at the end of the 28-
day exposure period. Samples were then taken every seven days from 
each of the tanks for the next 28 days to determine elimination rates. 
Three samples of two small fish each and three samples of one fish 
were taken during each sample period. 
The mean dieldrin levels before exposure were 35 ppb in muscle of 
6-9 in. and 38 ppb in 14-16 in. catfish. Fish were exposed to dieldrin 
in water at 75 ppt and in food at 2 ppm for 28 days. By the end of 
this time, the 6-9 in. fish contained 175 ppb dieldrin from water expo­
sure (Table 4, Appendix G). Catfish 14-16 in. contained 185 ppb after 
water exposure, 302 ppb from food exposure, and 634 ppb via water and 
food exposure. At the end of the exposure period, differences in 
muscle levels were not significantly different between the two length 
groups by the various exposure methods except among fish exposed both 
in food and water. 
Figure 7. Uptake of dieldrin from 28-day water (75 ppt) and 
food (2 ppm) exposure by dorsal muscle of channel 
catfish of two length groups 
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Table Mean elimination of dieldrin from dorsal muscle of two different length groups of 
channel catfish following exposure to 75 ppt in water and 2 pgm in food. Mean 
concentrations are in ppb (standard deviation in parentheses) 
Control 
6-9 in. 
14-16 in. 
Water 
6-9 in. 
14-16 in. 
Food 
6-9 in. 
14-16 in. 
Food and water 
6-9 in. 
14-16 in. 
Time (days) from end of exposure period 
0 7 14 21 28 
34(3) 
38(6) 
176(12) 
185(6) 
287(19) 
302(19) 
365(19) 
634(130) 
28(2) 
29(6) 
1 5 2 ( 1 1 )  
162(18) 
217(7) 
229(6) 
241 (9) 
358(18) 
28(4) 
35(5) 
78(5) 
84(6) 
168(13) 
184(11) 
217(8) 
221(18)  
18(3) 
21(9) 
47(6) 
59(7) 
152(18) 
142(27) 
195(23) 
194(18) 
2 1 ( 1 )  
28(6) 
24(4) 
28(4) 
108(23) 
109(19) 
172(28) 
170(9) 
®A11 values based on 3 sample of 3 fish each. 
k ]  
Small catfish which were food-exposed accumulated 287 ppb of 
dieldrin and this amount was significantly higher (P = .01) than the 
176 ppb of dieldrin accumulated from water exposure by fish in the 
same size group. Dieldrin levels remaining at the end of the elimina­
tion period in both groups were significantly different (P = .01), with 
the small food-exposed fish retaining IO8 ppb which was approximately 
four times more than the 24 ppb retained by the small water-exposed 
fish (Figure 8). After the 28-day elimination period, the group of 
6-9 in. catfish exposed in food and water in the same tank had signifi­
cantly higher dieldrin concentrations than did those exposed either in 
water (P = .01) or in food (P = .05). The level of dieldrin retained 
in the dorsal muscle of 6-9 in. catfish exposed in food and water was 
172 ppb and was significantly higher than levels found in the other 
groups of similar size exposed via food or water. 
The 14-16 in. catfish food exposed acquired 302 ppb of dieldrin 
which was a significantly higher level (P = .01) than the 185 ppb 
accumulated by catfish of similar size which were water exposed (Figure 
9). After 28 days of elimination, this food-exposed size group still 
retained a significantly higher dieldrin concentration (P = .01) than 
did water-exposed fish. Catfish of this size group exposed both in 
water and food accumulated 634 ppb and had significantly more dieldrin 
(P = .01) in their dorsal muscle tissue than did fish of similar size 
exposed either in water or in food. Following 28 days of elimination, 
the fish exposed both in food and water retained significantly more 
Figure 8. Elimination of dieidrin from dorsal muscle of channel 
catfish (6-9 in.) following 28-day exposure in food 
(2 ppm) and water (75 ppt) 
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Figure 9. Elimination of dieldrin from dorsal muscle of channel catfish (14-16 In.) 
following 28-day exposure In food (2 ppm) and water (75 ppt) 
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dîeldrin (P = .01) in their dorsal muscle (170 ppb) than did the 
groups exposed either in water or in food alone. 
in comparing the two size groups, there was no significant differ­
ence after 28 days of elimination between mean dieldrin levels for 
large and small catfish that were water exposed (28 vs 44 ppb). in 
fact, the dieldrin levels of both size groups were not significantly 
different from the control group by the end of the 28-day elimination 
period (Figure 10). 
A comparison between small and large catfish that were food ex­
posed also showed no significant difference between the dieldrin levels 
of the two size groups at the end of the 28-day elimination period 
(Figure 11). Dieldrin levels of 108 and 109 ppb were found in the 
small and large fish. Dieldrin levels remaining in the dorsal muscle 
of the food-exposed fish were approximately four times higher than the 
levels remaining in the water-exposed fish. 
Large and small catfish exposed in both water and food showed a 
significant difference in concentrations of dieldrin at the end of the 
exposure period, but after 28 days of elimination, there was no signifi­
cant difference in dieldrin concentration between the two size groups 
(Figure 12). The 6-9 in. fish contained 172 ppb dieldrin and the l4-l6 
in. fish contained 170 ppb in their dorsal muscle. These results indi­
cated that larger catfish eliminated dieldrin under these test conditions 
at a faster rate than did the smaller catfish following exposure to diel­
drin in both food and water. 
Figure 10. Elimination of dieldrin from dorsal muscle of channel catfish of 
two length groups following 28-day water (75 ppt) exposure 
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Figure 11. Elimination of dieldrin from dorsal muscle of channel 
catfish of different length groups following 28-day 
food (2 ppm) exposure 
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Figure 12. Elimination of dieldrin from dorsal muscle tissue 
of channel catfish of two length groups following 
28-day water (75 ppt) and food (2 ppm) exposure 
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Experiment 5. Long-term Water Exposure 
Channel catfish fingerlings 6 in. in length were exposed to various 
dieldrin levels in water to determine if a balance between uptake and 
elmination of dieldrin was reached in catfish muscle during 70 days 
of exposure. The fish were secured from a commercial hatchery and 
acclimated a week before beginning the exposure period. Fish contained 
an average of 6.6 ppb dieldrin at the beginning of the experiment. The 
fish were placed in six 15-gal. tanks containing 33 fish each, and main­
tained at 22 + 1°C. Feeding during the experiment was at the rate of 
3% body weight per day. 
A dieldrin solution was prepared in the manner described in 
Experiments 3 and 4. A 50% proportional diluter which delivered 1 
liter at 5 concentrations was used to meter the various dieldrin con­
centrations into individual tanks (Mount and Brungs, 1967). A complete 
change of water occurred every 6 hours. Uncontaminated water, which 
triggered the diluter system, flowed through tank one containing control 
fish. Fish in tank two were exposed to 49 ppt of dieldrin; tank three 
contained fish exposed to 27 ppt; and in tank four the fish were exposed 
to 13 ppt of dieldrin. The fish in tanks five and six containing 8.5 
and 4.0 ppt respectively died of unknown causes before the experiment 
was completed. Three samples of two fish each were taken from each 
tank every two weeks for a period of 70 days. 
Fish exposed to 49 ppt for the 7-day test period continued to 
accumulate dieldrin linearly throughout the exposure period (Table 5, 
Appendix H). The final dieldrin concentration of 164 ppb was significantly 
Table 5. Mean levels of dieldrin in dorsal muscle of 6 in. channel catfish exposed to ^ 
dieldrin for 70 days. Concentration in ppb (standard deviation in parentheses) 
Time (days) from beginning of exposure 
Exposure 
level 0 14 28 42 56 70 
0 7(1) 4(1) 4(1) 4(2) 4(2) 4(1) 
49 ppt 7(1) 45(11) 57(5) 84(10) 130(14) 164(11) 
27 ppt 7(1) 20(4) 29(1) 38(4) 39(10) 48(6) 
13 ppt 7(1) 9(2) 14(3) 19(7) 29(3) 31(3) 
®A11 values based on 3 samples of 3 fish each. 
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higher (P = .01) than the concentrations accumulated by the catfish 
exposed to lower levels of dieldrin (Figure 13). 
Catfish exposed to 27 ppt of.dieldrin accumulated a mean total of 
39 ppb after 56 days and 48 ppb after 70 days of exposure. The trend 
in accumulation was still, upward, although difference in level at 56 
and 70 days were not statistically significant (P = .05). Fish exposed 
to 13 ppt of dieldrin contained a mean concentration of 29 ppb after 56 
days and 31 ppb at the end of the 70-day test period. These levels were 
also not significantly different. Hence, a balance in uptake and elimi­
nation was evident by fish exposed to 13 ppt after 56 days of exposure, 
and fish exposed to 27 ppt appeared to be approaching a balance in up­
take and elimination from dorsal muscle. 
Figure 13. Uptake of dieldrin by dorsal muscle of 6-in. channel catfish during 
70-day exposure in water 
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DISCUSSION 
The routes of dieldrin accumulation and elimination have been 
studied by a number of investigators. Some disputes have arisen as 
to whether fish accumulate pesticides principally from water exposure 
or from their diet. Another area of uncertainty is whether size plays 
a role In the rates of uptake and elimination of chlorinated hydro­
carbons. In my study, I sought answers to the above areas of uncertainty 
using channel catfish as the experimental organism. A study was also 
done to determine if dieldrin levels in catfish dorsal muscle reach a 
point where the rate of uptake is equal to the rate of elimination. 
There was no linear relationship between body size and dieldrin 
uptake by channel catfish 4-l4 in. in length during a short-term with 
exposure. The medium size fish accumulated more dieldrin than did 
smaller and larger catfish. These data on catfish do not agree with 
Murphy (1971) who found that small mosquito fish accumulated four times 
more DDT than larger fish of the same species. The level of dieldrin 
in the catfish muscle before treatment was not significantly different 
between size groups, but was significantly different after six hours 
exposure to 18.8 ppb of dieldrin. 
Water exposure to 75 ppt of dieldrin for a 28-day period resulted 
In a mean dieldrin accumulation of 175 ppb by 6-9 in. fish and 274 ppb 
by 14-16 in. fish In Experiment 3. This difference In uptake by catfish 
of two sizes was significant. In Experiment 4, 6-9 in. catfish accumu­
lated dieldrin levels of I76 ppb and 14-16 In. catfish accumulated 
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185 ppb after topical exposure to 75 ppt for 28 days. This difference 
in uptake by the two size groups was not significant. 
Another difference in the two experiments was the amount of diel-
drin accumulated by the 14-16 in. catfish by water exposure. The 14-16 
in. fish accumulated 274 ppb in Experiment 3 and 185 ppb in Experiment 
4. There are two possible explanations for the difference between the 
levels of dieldrin accumulated. The fish in the two experiments were 
from different stocks. Hence, there could have been differences in 
fat content and age. Fish used in Experiment 3 came from the Des 
Moines River and accumulated significantly more dieldrin than the 
commercially-reared catfish used in Experiment 4. Fish in both experi­
ments were fed daily at the rate of 3% of their biomass and all of 
their rations were eaten. The commercially-reared catfish were larger 
for their age than were the river-dwelling catfish. Whether there 
were metabolic differences due to difference in age or other factors 
could not be determined. 
Some researchers have done studies to determine if the food-chain 
plays a role in pesticide concentrations. Reinert (1969) disputed 
that dieldrin uptake via food accounts for the majority of dieldrin 
residues found in fish tissues. His conclusions were based on a study 
of a simple food chain which showed that only 10% of the accumulated 
dieldrin could have come from contaminated food. Macek and Korn (1970) 
exposed brook trout to DDT in water at 3 ppt and in food at 3 ppm for 
120 days and found that DDT accumulation via their diet enabled the 
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brook trout to accumulate 10 times more DDT than those brook trout 
water-exposed. Chadwick and Brocksen (1969) contended that sculpins 
accumulate dieldrîn both from their diet and water, but water exposure 
was not additive to levels attained by fish food-exposed. They exposed 
sculpins to 25-350 ppm via feeding on tubificid worms and at levels 
between 0,017 and 8.60 ppb in water for periods up to 32 days. In my 
study of uptake by fish dorsal muscle, food exposure to 2 ppm dieldrîn 
played a more significant role than 75 ppt dieldrin water exposure. 
Small catfish took up over three times and large catfish accumulated 
four times more dieldrin via food exposure than did water-exposed fish 
of the same size. 
In addition, 6-9 in. and 14-16 in. catfish exposed simultaneously 
both in food and water accumulated significantly more dieldrin than 
those fish exposed only in food or water alone. In fact, if dieldrin 
levels accumulated by water-exposed fish were added to levels accumu­
lated by food-exposed fish, these values would not equal the high 
dieldrin levels achieved by catfish exposed both in water and food. 
Experimental evidence indicates that exposure to a cyclodiene 
insecticide (such as dieldrin) results in an upper limit of accumula-, 
tion in biological systems, and this level is dependent on the level 
of exposure (Brooks, 1971). My study on catfish upheld this idea. 
Fish exposed in water to 13 ppt of dieldrin reached a balance between 
uptake and elimination in dorsal muscle in 56 days of exposure. Cat­
fish exposed to 27 ppt were very near the state of balance in muscle 
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tissue by 56 days . Catfish exposed to kS ppt of dieldrin were still 
accumulating dieldrin linearly at the end of the 70-day test period. 
It appears evident that the level of dieldrin to which fish were 
water-exposed determined the dieldrin level found in catfish muscle 
tissue. The higher the exposure level, the more dieldrin that is 
accumulated by the catfish as lone as time is held constant. Catfish 
reach a balance between dieldrin uptake and elimination in their dorsal 
muscle dependent upon the level of exposure, with this balance being 
reached in less time upon exposure to lower levels. 
Macek, _et (1970) also reported that DDT and dieldrin levels 
were dose-dependent and fish exposed to 1 ppm per week of dieldrin 
reached equilibrium after 140 days. Their study further established 
that some organs reached dieldrin equilibrium before other organs, and 
in each case equilibrium was dose-dependent. Skeletal muscles reached 
equilibrium in 28 days of exposure to 1 ppm in food in their study 
using rainbow trout. 
Kenaga (1972) reported that the determination of pesticide intake 
of an organism is due to the availability of the compound in the diet 
or surrounding environment. Hence, the quantity of food eaten, and 
the relative pesticide content in the food and water are factors con­
tributing to dieldrin concentrations in different sizes of channel 
catfish. Bailey and Harrison (19^5) found that channel catfish food 
habits change with age from being highly insectivorous as young fish 
to a highly diversified diet as aduirs, with fish constituting an 
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important part of the adult diet. In a 1973 field study, Kellogg 
found little difference in levels of dieldrin in various catfish food 
organisms in the Des Moines River (R. L. Kellogg (unpublished). Depart­
ment of Zoology and Entomology, Iowa State University, Ames). A 1971 
field study of dieldrin levels in dorsal muscle of channel catfish 
from the Des Moines River indicated no difference in dieldrin levels 
of catfish up to six years of age (R. V. Bulkley and L. R. Shannon, 
(unpublished). Department of Zoology and Entomology, Iowa State 
University, Ames). Catfish older than six years consistently contained 
higher dieldrin levels than younger catfish. If larger catfish (l4 in. 
or over) contained more dieldrin than small catfish as was indicated 
by field and laboratory studies, and they were exposed to the same 
dieldrin levels through their diet and environment, then there must 
be some mechanism(s) which allow larger fish to retain more of the 
chemical. 
The ability to retain more of a pesticide has been attributed 
to the fat level found in fish (Reinert, 1969). This hypothesis 
could answer the question why higher dieldrin levels were found in 
larger catfish since fat levels were found to increase in channel 
catfish up to age seven (Bulkley and Shannon (unpublished) 1971). 
Their study also found a significant correlation (r = 0.62, P = .01) 
between dieldrin levels and fat content of 12-14 in. catfish from the 
Des Moines River. However, correlation (r = 0.27) was not significant 
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between dieldrin levels and fat content when catfish of all sizes 
were considered so that fat content is not the only factor involved. 
Retention of dieldrin is also dependent upon uptake rate and elimi­
nation rate. When exposed to the same concentrations of dieldrin for an 
extended period of time, larger catfish absorbed more dieldrin than did 
small catfish. But, after an elimination period of similar length, 
amounts of dieldrin retained in muscle tissue of large and small catfish 
were similar. 
My results on small catfish agree with Gakstatter and Weiss (196?) 
whose work with small bluegllls and goldfish showed an elimination of 
more than 90% of accumulated dieldrin within two weeks after short-
term exposure. Elimination of dieldrin from the dorsal muscle of 
channel catfish after short-term exposure was evidently faster from 
the smaller length groups. Small 4-10 in. fish In Experiment 1 elimi­
nated over 90% of the dieldrin within two weeks, while 12-14 In. cat­
fish eliminated only 71% of the accumulated dieldrin from dorsal 
muscle. The significant difference (P = .01) noted In dieldrin reten­
tion between the size groups Indicated some difference in excretion 
ability, perhaps due to increasing age, size, or metabolism. 
The ability of channel catfish to accumulate and eliminate diel­
drin probably depends not only on certain physiological mechanisms 
within the fish, but also chemical and physical properties of dieldrin 
itself. Properties of pesticides that tend to result in high bio-
imi ilafimm i m/-1 i I A r* Sk¥%A 
high stability under various hydrolytic, light, temperature, and 
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microbiological conditions (Kenaga, 1972). According to Thompson 
(1971) physiological resistance of fish to toxic chemicals may lead to 
incorrect interpretations of data on the uptake of persistent pesti­
cides by fish. Since dieldrin, like other chlorinated hydrocarbons, 
is lipophilic, the fat level of channel catfish no doubt serves as a 
reservoir for the deposition of pesticides (Sanborn and Yu, 1972). 
Those fish, therefore, with higher fat content would tend to accumu­
late more and eliminate less dieldrin than those fish with lower fat 
content. The storage of DDT from the fat of food organisms to fat 
storage areas of the consumer was suggested by Cox (1971). The fat 
level of large fish could then be responsible for storing the high 
dieldrin levels found in catfish. 
Seba (1970) suggested that the type of pesticide formulation used 
could play a role in the level of pesticide available for uptake by 
aquatic organisms. Certain organic chemicals used as carriers in many 
pesticide formalations keep the pesticide in solution and allows rapid 
uptake of the pesticide by fish. Since accumulation and elimination 
occur simultaneously, the rate of one compared to the other determines 
the level of dieldrin attained by fish after a given period of time. 
Another factor to consider is temperature. Temperature has an 
influence on the physical and chemical state of the pesticide, and 
in addition, the extent to which it is broken down or deactivated 
(Thompson, 1971). Likewise, the rate of physiological activities 
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within the channel catfish is temperature dependent. It seems plausible 
then, that varying environmental conditions may cause changes physiolo­
gically within catfish thereby changing their ability to accumulate and 
eliminate dieldrin. 
Chadwick and Brocksen (1969) reported that fish which received 
smaller amounts of dieldrin retained more dieldrin than fish fed 
larger portions which allowed for greater metabolism and excretion. 
The results of my study showed that catfish water-exposed for a longer 
time period and to lower concentrations of dieldrin retained a higher 
percentage of dieldrin than those catfish exposed to higher concentra­
tions for a short time period. Catfish were also able to retain a 
higher percentage of dieldrin from food exposure than from water expo­
sure at the levels used. There was little difference between 6-9 in. 
and 14-16 in. catfish in the percentage of dieldrin retained except 
in the case where catfish were exposed in water and food. The larger 
catfish retained 29% of the 634 ppb dieldrin accumulated, compared to 
47% retained by small catfish that had accumulated 365 ppb dieldrin. 
In summary, channel catfish accumulated dieldrin in muscle tissue 
both from water and food exposure. At the levels of dieldrin tested, 
more dieldrin was accumulated from food than from water. However, when 
fish were exposed to dieldrin in both water and food, muscle tissues 
accumulated more dieldrin than when fish were exposed to dieldrin in 
food or water alone. Large catfish consistently accumulated more 
dieldrin than did small cattish, but did not always retain more. Two 
possible reasons for this are: (1) larger catfish generally have higher 
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fat levels in their muscle than do small catfish; hence they would have 
a greater capacity for accumulation and retention of dieldrin, and (2) 
small catfish have a higher metabolic rate which presumably would allow 
them to excrete dieldrin at a faster rate under certain conditions than 
could large catfish. A balance between uptake and elimination of diel­
drin from muscle tissue of small catfish seemed dependent upon water 
exposure levels. Balance was reached in a shorter time at lower expo­
sure levels than at higher levels. 
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APPENDIX A. CHEMICAL ANALYSIS OF FOOD FED TO CATFISH DURING THE 
ENTIRE STUDY 
SALMON GROWER P49 
The product Is a pelleted complete grower food for salmonoid 
fi shes. 
Composition: 
Crude protein 50.0% 
Fat 6.0% 
Ash 10.0% 
Water 8.0% 
Fibre 2.0% 
Carbohydrate mix 24.0% 
100.0% 
Vitamins added; 
Vitamin A, vitamin D, vitamin E, vitamin K (Menadione), vitamin Bl 
(Aneurine), vitamin B2 (Riboflavine), vitamin b6 (Pyridoxine), 
vitamin 812 (Cycobemine), Niacin, Calcium pantothenate, vitamin H 
(Biotin), Folic acid. Inositol, p-Aminobenzoic acid. Choline, 
vitamin C (Ascorbic acid). 
Mi nerals; 
The product contains all necessary minerals and trace elements. 
Pesticide levels in salmon grower as reported by Guelph University, 
Ontario, Canada, September, 1968 for Astra Pharmaceutical Products, 
Inc. were: 
DDT 23 ppb 
Lindane 32 ppb 
Dieldrin 2 ppb 
Contaminants and pesticides found in salmon grower P49 by the 
U.S. Fish and Wildlife Service, Fish-pesticide Research Labora­
tory, Columbia, Missouri, April 1971 are: 
Polychlorinated Biphemyls (PCB's) 
P,P'DDE 
N-Butyl Phthalate 
65 ppb 
< 5 ppb 
220 ppb 
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APPENDIX B. SUMMARY OF MINERAL ANALYSIS OF IOWA STATE UNIVERSITY WATER 
CONDUCTED BY IOWA STATE HYGENIC LABORATORY, DES MOINES, 
MARCH 25, 1970 
Chemical or measurement Mean value 
Specific conductance 77 
Dissolved solids 529 
Soluble i ron 6.0 
Total iron 6.0 
Alkalinity (ppm CaCO-) P none 
^ T 283 
PH 7.0 
Silica (SiO,) 28 
K+ 2.4 
Na+ 14.7 
Ca++ 114 
Mg 30.5 
Mn 0.35 
A1 -
NO. 0.1 
F ^ 0.30 
CI 17 
SO4 133 
HCO. 345 
CO,^ none 
Cd 0.01 
Chr 0.01 
Cu 0.01 
Pb 0.01 
Zn 0.03 
Hardness (as CaCO^) 410 
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APPENDIX C. RECOVERY EFFICIENCY OF DIELDRIN FROM CATFISH MUSCLE 
AFTER WATER EXPOSURE TO 10 ppb OF '^C-OIELDRIN FOR 
6 MRS. 
Sample 
numbe r 
Nanogram 
dieldrin 
present (S.D. 
in parentheses) 
Nanogram Percent Mean percent 
dieldrin recovery (S.D. in 
recovered parentheses) 
1 51,900 (3100) 51,939 100.1 
2 51,900 (3100) 45,663 88.0 94.5 (6.1) 
3 51,900 (3100) 49,523 95.4 
4 10,380 (620) 12,143 117.0 
5 10,380 (620) 10,768 103.0 107.8 (8.0) 
6 o
 
CO
 
o
 
(620) 10,651 102.6 
7 5,190 (310) 1,530 29.5 ' 
8 5,190 (310) 3,803 73.3 66.35 (9.8) 
9 5,190 (310) 3,084 59.4 
10 1,072 (56) 604 56.3 
11 1,072 (56) 728 67.9 69.3 (13.7) 
12 1,072 (56) 896 83.6 
Whis sample was omitted due to an emulsion formed during the 
petroleum ether extraction. Dieldrin was probably lost when 
total dissipation did not occur. 
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APPENDIX D. DIELDRIN LEVELS CONTAINED IN INDIVIDUAL SAMPLES IN 
DORSAL MUSCLE OF CHANNEL CATFISH (VALUES IN ppb) 
AFTER 6-HR. EXPOSURE TO WATER CONTAINING I8.8 ppb 
DIELDRIN 
I 
Time (hours) after exposure 
Sl!e Background —5 4 \ ^4 W 336 
4-6 in. 47 1110 974 634 358 108 
42 1237 886 661 382 I 12 
47 1183 813 571 338 96 
7-10 in. 25 1310 901 674 449 119 
40 1414 889 732 476 116 
48 1459 863 636 400 107 
în. 56 1097 887 546 495 308 
45 1174 918 561 471 368 
50 1089 892 583 448 297 
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APPENDIX E. DIELDRIN LEVELS CONTAINED IN INDIVIDUAL SAMPLES IN 
DORSAL MUSCLE OF 6-9 IN. CHANNEL CATFISH (VALUES IN 
ppb) DURING AND AFTER 28 DAYS EXPOSURE 
Method* 
o'* 
exposure 1 
Time (days) from initiation of exposure 
2 7 14 28 42 56 
1 20 18 16 14 27 12 13 
1 35 21 11 9 18 9 12 
1 32 19 21 16 18 11 10 
24 59 50 92 230 71 72 
24 65 57 102 214 84 76 
2: 26 34 66 104 218 89 74 
339 1,620 8,500 71,000 129,000 38,700 20,600 
1; 614 1,670 10,200 - - - -
448 
O
 
LA 9,700 - - - -
632 2,209 114,800 - - - -
842 1,950 127,800 - - - -
u 526 2,070 116,400 
Legend 
1. control 
2. water exposed 
3. food exposed 
4. food and water exposed 
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APPENDIX F. ACCUMULATION OF DIELDRIN IN INDIVIDUAL SAMPLES OF CHANNEL 
CATFISH DORSAL MUSCLE FROM DIFFERENT METHODS OF EXPOSURE 
OVER A 28-DAY PERIOD (VALUES IN ppb) 
Time (days) from beginning of exposure 
0 7 21 28 
Control s 17.0 8.4 10.5 8.0 
6-9 in. 13.5 10.9 9.0 8.7 
11.6 11.6 17.0 12.4 
14-16 in. 46.0 27.4 22.0 10.6 
37.9 19.6 13.0 12.7 
32.8 25.8 19.0 17.0 
Water exposed 17.0 33.0 79.0 170.0 
6-9 in. 13.5 56.8 72.0 143.0 
11.6 45.0 91.0 211.0 
14-16 in. 27.4 61.5 159.0 287.0 
19.6 74.5 206.0 273.0 
25.8 86.8 173.0 263.0 
Food exposed 17.0 171.1 480.0 569.0 
6-9 in. 13.5 187.4 534.5 514.0 
11.6 179.0 498.0 548.0 
14-16 in. 27.4 252.6 647.5 948.0 
19.6 238.4 596.0 791.0 
25.8 245.5 573.0 955.0 
Food and water 17.0 321.0 647.5 948.0 
exposed 13.5 284.0 596.0 791.0 
6-9 in. 11.6 302.5 573.0 955.0 
14-16 in. 17.4 276.0 1189.0 2771.0 
19.6 284.2 1238.0 2457.0 
25.8 280.0 1169.0 2026.0 
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APPENDIX G. CONCENTRATION OF DIELDRIN IN INDIVIDUAL SAMPLES OF CHANNEL 
CATFISH DORSAL MUSCLE (VALUES IN ppb) FOR 28 DAYS FOLLOWING 
A 28-DAY EXPOSURE PERIOD 
Time (days) from end of exposure period 
0 7 14 21 28 
Control 34.8 41.9 29.5 21.7 22.0 
6-9 in. 33.5 42.7 25.5 17.3 23.1 
37.3 35.5 29.7 15.2 20.3 
14-16 in. 41.4 28.0 36.7 19.3 21.8 
42.0 27.0 44.0 18.6 33.6 
30.7 31.7 26.0 26.7 29.3 
Water 163.5 164.9 95.0 41.6 18.9 
6-9 in. 177.0 145.0 73.0 46.5 27.6 
187.6 147.0 66.9 52.8 24.3 
14-16 in. 191.5 183.0 91.0 59.3 27.5 
182.9 148.6 79.5 51.5 23.6 
180.9 154.6 81.8 65.5 30.8 
Food 308.6 214.6 180.0 173.0 104.0 
6-9 in. 280.4 224.7 169.7 144.7 132.8 
273.3 212.4 154.0 139.0 87.0 
14-16 in. 313.0 221.9 175.6 169.0 88.2 
280.0 232.9 179.2 141.0 113.0 
313.0 230.8 195.8 115.8 124.6 
Food S- Water 359.0 239.0 209.0 175.0 141.0 
6-9 in. 350.0 251.0 216.0 189.0 177.0 
387.2 232.8 226.0 220.7 196.5 
14-16 in. 507.0 337.0 224.0 178.0 167.0 
766.0 371.0 237.0 213.0 163.0 
628.3 366.0 201.0 192.0 181.0 
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APPENDIX H. DIELDRIN LEVELS CONTAINED IN INDIVIDUAL SAMPLES IN 
DORSAL MUSCLE OF 6-1N. CHANNEL CATFISH EXPOSED TO 
SOLUTIONS OF DIELDRIN FOR 70 DAYS (VALUES IN ppb) 
Time (days) from initiation of exposure 
Level 0 14 28 42 56 70 
Control 6.0 5.0 5.0 6 6 6 
7.0 4.0 4.0 2 2 3 
7.0 4.0 2.0 3 4 4 
49 ppt 6.0 53 53 95 118 162 
7.0 50 56 81 126 154 
7.0 33 62 75 146 175 
27 ppt 7.0 24 28 36 28 55 
7.0 17 29 28 43 43 
7.0 19 30 34 47 46 
13 ppt 6.0 8.0 11 26 25 34 
7.0 12 14 13 30 31 
7.0 8.0 17 17 31 27 
